INTRODUCTION
Childhood adiposity is a rapidly increasing problem worldwide, affecting developed and developing countries alike. The consequences of unchecked weight gain among the youth portend even greater national health care expenditures, as these individuals attain adulthood burdened with cardiovascular disease (CVD) and metabolic disorders (Chen et al., 2012; de Onis et al., 2012 ). Despite advantages in educational level and healthcare infrastructure, economically advanced regions appear to be very susceptible to this trend. For example, as many as 20% of all children and adolescents in Europe were recently characterised as overweight and almost 7% were obese, according to the World Health Organisation (Branca, 2007) .
The evaluation of this phenomenon demands clear and universally applicable criteria regarding an individual's health status. To this end, anthropometric data are singularly important for a first approximation of a person's state of health. In evaluating a child's whole body development, weight and height need to be measured, and calculations of BMI (Body Mass Index, kg/m 2 ) are then compared to standardised data with reference to age and gender. It is widely recognised that BMI is a more objective measure than weight for height Freedman, 2005) in evaluating adiposity and underweight. Moreover, it is easy to interpret, informative and has negligible cost.
Once a child with adiposity has been weighed and measured, his/her BMI needs to be evaluated using age-and gender-appropriate reference standards. Elevated BMI in childhood is strongly associated with increased risk of coronary heart disease in adulthood, as well as increased risk of acute coronary syndrome (Baker et al., 2007; Jensen et al., 2008; Andersen et al., 2010 (Krûmiòa u.c., 2007) . With this variety of reference standards available, it is important for physicians to use scales that are appropriate for the evaluation of individual children, because the future management of their assigned therapy depends on precise and accurate evaluation of excess weight. The aim of this study was to compare adiposity rates using three internationally accepted weight reference standards -World Health Organisation (WHO), International Obesity Task Force (IOTF), and US Centers for Disease Control (CDC), plus a local national scale.
MATERIALS AND METHODS
The study design consisted of interviewing and taking anthropometric measurements of primary school children in the initial grades representing a cross-section of their peers in Latvia. Before the study began, its design was approved by the Scientific Investigation Ethics Commission of the University of Latvia Institute of Experimental and Clinical Medicine.
Following informed consent granted by their parents or legal guardians, 456 children (50.7% boys) having an average age of 7.5 ± 1.5 years participated in the study. Subjects included children attending their neighbourhood primary school in Rîga (urban), near the capital (suburban) and in outlying (rural) areas of Latvia. Body height was measured without shoes using a wall-mounted stadiometre to the nearest 0.1 cm. Body weight was measured without shoes, in underwear, using a beam scale measuring a maximum weight of 140 kg to nearest 0.1 kg. BMI (kg/m 2 ) was calculated for each child and applied individually -using ageand gender-appropriate criteria -according to widely used reference scales created under the auspices of the International Obesity Task Force, the World Health Organization, and the U.S. Centers for Disease Control and Prevention. In addition, a local Latvian reference scale (Krûmiòa u.c., 2007) was also applied to compare the criteria and cut-off points of the other reference scales, all using the identical data from the study participants.
The International Obesity Task Force (IOTF).
In 2000, the IOTF published cut-off points to evaluate the BMI of children, defining childhood obesity and overweight. To define cut-off points, the IOTF included 192 727 subjects representing nationally large groups of subjects from Brazil, Great Britain, Hong Kong, The Netherlands, Singapore and the United States. This scale defines three classifications of BMI: obese, overweight and normal weight, each genderand age-appropriate (Cole et al., 2000; Cole et al., 2007) . (Kuczmarski et al., 2002) . However, a BMI less than the 35 th percentile was classified as underweight (Krumina, 2007) .
The World Health Organization (WHO

The Latvian growth charts (LV
Statistical analysis. Descriptive statistics were calculated for all anthropometric parameters. Comparisons of category designations (normal, overweight, obese) were accomplished by means of chi--squared analysis across the reference scales. We considered results to be statistically significant if the P value was less than 0.05 (P < 0.05), highly significant if the P value was less than 0.01 (P < 0.01), and very highly significant if the P value was less than 0.001 (P < 0.001).
RESULTS
The study group included 456 (49.3% girls) children, mean age 7.53 ± 0.65 years, mean weight 28.64 ± 5.47 kg, mean height 1.31 ± 0.07 m. All children were evaluated by CDC, IOTF, WHO and LV reference standards.
To characterize the study group, Table 1 displays the frequency distribution of weight classifications in percentages at specific ages for all subjects (both genders) according to CDC, IOTF, WHO and LV reference standards. Table 2 shows the subjects' BMI distribution by their weight classification, according to each of the reference standards. Table 3A displays the statistical comparisons between the different reference scales in all subjects 6 years of age. Highly statistically significant differences between Latvian growth standards and CDC, WHO and IOTF reference standards were found (P < 0.01). However, no significant differences were revealed when comparing CDC, WHO and IOTF growth standards with each other.
Differences in weight classification percentages between the LV and international reference scales among the 7-years-olds (Table 3B) were even greater than those seen in the 6-year-olds, with very highly significant differences (P < 0.0001) observed in comparisons with CDC, WHO and IOTF growth standards. Moreover, significant differences were found in comparing IOTF with WHO (P < 0.01), and IOTF with CDC (P < 0.04) growth standards. No differences were detected when comparing WHO and CDC reference scales at this age. Table 3 C represents data comparing weight classification percentages of reference scales in 8-year-old children in our study group. The results revealed no differences in comparing IOTF and CDC reference standards, but significant differences were detected comparing WHO with CDC (P < 0.04), WHO with IOTF (P < 0.001), and LV with CDC, IOTF and WHO (all at P < 0.001) reference standards.
DISCUSSION
The present study was designed to allow direct comparison of different internationally accepted reference standards currently used to assess the extent of childhood adiposity in Latvia. We selected common, widely used scales and analysed a group of 456 randomly selected Latvian school children of various body weight according to the criteria and cut-off points established within these reference scales. Although it is unsurprising, and in fact mathematically predictable, that variations would be detected between the reference standards in the same group of subjects, the extent of the differences observed was entirely unanticipated.
A number of factors were considered in the context of interpreting these results. It should be noted that while all participants in this study were volunteers, consenting to participate without compensation (following parental or legal guardian informed consent), there were potential participants that, or their parents, declined participation based on lack of compensation, thereby decreasing the number of participants. In addition, a substantial proportion of potential subjects declining participation were clearly obese (Kupèa, personal observation). Therefore, a large number of children that eventually participated as study subjects were more slender and healthier than the potential pool of subjects, thus skewing the weight classification percentages. These factors alone preclude any claim of the 456 subjects representing a precise cross-section of Latvian children at those ages, although this in no way diminishes the analysis of reference scales applied to identical subjects. Another factor was the possibility of precocious puberty among some of the participants, although this likelihood was discounted, as none of the included children was observed to have secondary sexual characteristics.
Previous studies reported significant differences between international reference standards in various populations (Shields and Tremblay, 2010; Fetuga et al., 2011; Twells and Newhook, 2011; Mushtaq et al., 2012) , and comparison of international reference standards with local reference standard also has found significant differences (Cerrillo et al., 2012) .
Our results revealed differences in assessing BMI in obese children and in overweight children using different assessment charts -CDC, IOTF, WHO, LV reference standards. Assessing all children by CDC, obese children had mean BMI (± SD) of 22.0 ± 1.9 kg/m 2 , but by IOTF 23.4 ± 1.9 kg/m 2 , and by WHO 21.6 ± 1.8 kg/m 2 ; by LV assessment charts obese children had mean BMI 22.1 ± 1.8 kg/m 2 (Table 2). This indicates the differences between evaluation using different reference standards, as the BMI of defined obese children clearly differed.
Evaluating a variety of ethnic groups with reference standards based on different populations can be controversial scientifically as well as politically. Body constitution differs among varying ethnicities (Ellis, 1997; Ellis et al., 1997; Duncan, et al., 2009) , and it is important to evaluate a child's body form by growth charts that are adapted to and congruent with local ethnic populations. Reference standards need to be as demographically objective as possible, appropriate not only in terms of age and gender, but also of ethnic background, to impartially evaluate a child's constitution in order to form an appropriate diagnosis in the support of therapeutic intervention, if necessary. That leads us to suggest that ethnic background is an important variable when creating reference standards regarding body constitution, and the significant differences observed in our study between the reference scales measuring an identical group of subjects are likely due to the specific population upon which each of the reference standards were based. There are studies that conclude the need of ethnic specific growth charts (Bayat et al., 2012) .
The Latvian population is quite homogenous from an ethnic standpoint, and it could well be inappropriate to determine a child's BMI using growth references that are compiled by using, for example, Japanese or African-American children. Most of Latvia's citizens are of Europoid (Caucasian) ethnic origins, and when BMI is assessed using reference standards created by including large representations of IndoAryan (Southeast Asian) ethnicities, it can lead to incorrect evaluation, hence diagnostic error.
The Endocrine Society has included the recommendation in their Clinical Guidelines that only obese children should be treated pharmacotherapeutically, meaning children with a BMI of at least at the 95 th percentile of age and gender.
These same guidelines state that overweight children not reaching the obese category should avoid pharmacotherapy. The Endocrine Society further recommends using the CDC reference standards. Examining the weight categories of all children at seven years of age in our study, the CDC reference standards define 15.6 percent of these subjects as overweight, whereas assessing the same age group (i.e., identical data) using LV reference standards yields a percentage of only 37.5 -more than twice the frequency of overweight as with the CDC reference standards (Kuczmarski et al., 2002) . The distribution by ethnicity of children comprising the CDC standards was 62% Non-Hispanic White, 15% Non-Hispanic Black, 18% Hispanic, 4% Asian/Pacific Islander and 1% American Indian/Alaska Native (Anonymous, 2001 ). In contrast, the Latvian population with an overwhelming majority of Caucasian ethnicity and having negligible Hispanic or African-American representation, is very homogenous, and the results of our study support the contention that reference standards in this case should also be homogenous to reach the goal of objective assessment.
Nevertheless, internationally accepted growth references are essential in multi-national studies where populations of children having various ethnic backgrounds are compared to analyse trends of childhood obesity and body constitution. With increasing globalisation, it is imperative to estimate rates of obesity in children in different regions of the world, and as many regions are becoming more ethnically heterogeneous, standards such as the CDC, IOTF and WHO charts are certainly appropriate. However, in countries or regions that are ethnically homogeneous, significant differences may well be found in weight classification frequencies between the CDC, IOTF and WHO reference standards and locally generated scales, as was the case in our study of Latvian schoolchildren.
The importance of these distinctions cannot be overstated. Any reference standard should be used with great caution to avoid disagreements between scales that form the basis of an incorrect choice of therapy. Moreover, standard scales should be as objective as possible, with clear clinical implications of a patient's state of health. However, it must always be remembered that patients present with various apparent as well as not-so-obvious antecedents of obesity, and a clinician should first and foremost look at the patient as an individual, with his/her own genetic and alimentary background. Therefore, we would caution that strict overreliance on any reference standard on a measure as complicated as body weight means discounting a patient's individuality and unique set of circumstances that have resulted in the excess weight, information that is vital for a good clinical outcome.
Finally, as mentioned above, studies of this nature cannot easily overcome problems in methods and study protocol. Ethical guidelines ensuring complete autonomy of subjects rightfully and appropriately exclude forced participation and compliance with investigator requests. This self-selection of subjects, however, means that true cross-sectional studies are beset with an important shortcoming: subjects from a random pool do not reflect the general population, especially when body weight is the independent variable under investigation. Nevertheless, the focus of our study was not on the frequency of obesity in Latvian schoolchildren, but rather on the various reference standards and their applicability to specific populations. Our results unambiguously indicate that the axiom "one size does not fit all" in reference to childhood obesity assessment standards certainly holds true, and that the most useful scales in assessing overweight and obesity and their eventual treatment strategies are those that are locally generated, consistent with the ethnic demographics of the population being studied.
In conclusion, statistically significant differences between Latvian reference standards and internationally accepted reference standards exist in the assessment of overweight and obesity in children (P < 0.01). We encourage clinicians to support the creation of individual reference standards based on local ethnic populations, resulting in more objective assessment, more accurate diagnoses and selection of appropriate therapeutic strategies, to more successfully combat overweight and obesity.
